This paper describes an experimental investigation on mono steel and polypropylene (PP) fiber-reinforced concrete beams. The main aim of this present study is to evaluate undamaged and damaged reinforced concrete (RC) beams incorporated with mono fibers such as steel and PP fibers under free-free constraints. In this experimental work, a total of nine RC beams were cast and analyzed in order to study the dynamic behavior as well as the static load behavior of steel fiber-reinforced concrete (SFRCs) and polypropylene fiber-reinforced concrete (PPFRCs). Damage to the SFRC and PPFRC beams was obtained by cracking the concrete for one of the beams in each set under four-point bending tests with different percentage variations of the damage levels such as 50%, 70% and 90% of the maximum ultimate load. The fundamental natural frequency and damping values obtained through the dynamic tests for the SFRC and PPFRC beams were compared with a control RC beam at each level of damage that had been acquired through static tests. The static experimental test results emphasize that the SFRC beam has attained a higher ultimate load compared with the control RC beam.
INTRODUCTION
Concrete is the most commonly used construction material all over the world because of its versatility and availability. Due to the environmental service conditions and complexity of structures such as high-rise buildings, dams, bridges, hydraulic structures, and offshore structures, any normal grade or ordinary concrete can no longer meet general requirements (Soutsos et al., 2012) . It is well known, nevertheless, that the correlation between the compressive strength and flexural strength or the split tensile strength of ordinary concrete or high-strength concrete will be inevitably brittle in nature (Habel and Gauvreau, 2008) . In order to overcome this drawback, research has focused on various necessary treatments such as adding fibers to concrete, the use of supplementary mineral admixtures, and externally strengthening members with fiber-reinforced polymers (Hao et al., 2016) . Amongst these, the addition of fibers like steel, polypropyl-ene, polyvinyl alcohol and natural and synthetic fibers to concrete has been widely accepted because of their improved mechanical properties, i.e., compressive strength, split tensile strength, flexural strength, and flexural toughness (Min et al., 2014) . The most commonly used fibers are steel fibers because of their high tensile strength and greater modulus of elasticity. Concrete reinforced with steel fibers has been extensively used in the building industry in applications such as chimneys, industrial buildings and air pavements, reinforcements of projected concrete, and pre-cast or post-tensioned elements (Caverzan et al., 2011) . Besides steel fibers, the most extensively used fiber materials in concrete for reinforcement purposes in recent decades have involved inventive solutions obtained by adding non-metallic polypropylene fiber and cementitious materials (Tiberti et al., 2014) . They are predominantly mentioned in the manufacture of fiber-reinforced concrete, and their behavior has been especially investigated with the aim of understanding the possible synergetic action of mono fibers in order to enhance the post-cracking strength or response of a structure. A structure which is reinforced either with steel or PP fiber provides strengthening properties to the same structure (Dawood and Ramli, 2010) . Flexural-shear or shear cracks can occur at different stages and sizes in concrete, so the use of various fibers with different aspect ratios are a better way to rectify the problem (Kim et al., 2011) . The main purpose of adding fibers of various aspect ratios is to control both micro and macro cracks at different zones of the cementitious material at different damage levels and during different impact loading or dynamic loading conditions (Yang et al., 2011) .
In general, concrete structures will always be subjected to vibration forces such as impact loading from the dynamic shock of moving vehicles. Depending on the type of structure and the impact or dynamic load, harmonic excitation exists through the external force of a certain frequency applied to a system for a given amplitude (Barros and Dias, 2006) . Damage assessment plays an important role in the evaluation of the stability and strength of a structure, which is significant for both existing structures and those under construction (Huang et al., 2010) . In recent decades, structural health monitoring has been used in enormous civil engineering applications such as bridges, frames, towers and beams and also in new vibration research (Zsolt, 2008) . The flexibility to assess any concrete structure and perceive damage in its earliest state can be easily done or achieved only through a vibration analysis method (Capozucca, 2011) . The essential concept concealed by the vibration monitoring technique for a damage analysis of any RC structures would be based on the dynamic characteristics and does not rely on the geometry of the structure; as a result, changes can occur in the dynamic response behavior (Capozucca, 2013) . Besides the vibration-based monitoring technique, numerous methods have been studied by researchers to analyze damage such as changes in the modal strain energy method, the flexible method, and the updated structural model method (Malej et al., 2010) . Venglar and Sokol (2017) studied the damage assessment of a simply supported beam numerically through the vibration-based method, which is the most promising non-destructive technique, and concluded that the computation times as well as the desired accuracy of the damage assessment had been improved. The dynamic parameters of steel truss bridges have been studied through ambient vibration measurements that could be used as a comparative basis in the future for repeated measurements (Venglar et al., 2018; Sokol et al., 2015) . The main dynamic parameters of structural materials such as mass, stiffness, damping, fundamental frequency, mode shape, and amplitude of excited force could provide the dynamic behavior of any structure.
Significance of research
Significantly more research is needed that addresses the enormous and various conditions that are inherent in applying the vibration monitoring technique for the assessment of the structural integrity of any RC beams strengthened with fiber-reinforced concrete. Based on the aforementioned approaches, an experimental program has been developed and formulated to evaluate the damage assessment of mono steel and PP fiber-reinforced concrete beams under dynamic tests. The experimental research was developed with large-scale modelling of SFRC and PPFRC beams. A total of nine RC beams were cast by incorporating mono steel and PP fibers and also control RC beams to attain the objective of the present study as well as to compare the SFRC and PPFRC beams with control RC beams.
EXPERIMENTAL PROGRAM
A damage assessment of RC beams incorporated with steel and polypropylene fibers was designed and studied under static and dynamic load tests. In order to evaluate the effect of fibers in a damaged and undamaged condition, steel and PP fiber-reinforced concrete composites have been developed and studied individually with the addition of different fiber dosages to the total fiber volume fraction of the concrete accompanied with mechanical property tests such as compressive, split tensile and flexural strength tests. In this experimental investigation, a damage assessment of the SFRCs and PPFRCs was carried out for the optimum steel and PP fiber contents. 
Mixing, casting and curing procedures
The concrete mix design was prepared according to the Indian Standard Code for Concrete Mix design, which is based on the technical properties of the material (IS:10262:2009). The mixing process started with the dry mixing of the coarse and fine aggregates for one minute. The cement was added and mixed for another minute. Then the steel fibers were added to the mixture, and the mixing was continued for another two minutes till the fibers were dispersed properly through a visual inspection for casting the mono SFRC specimens. Water mixed with super-plasticizers was added and mixed for another 2 minutes.
After the first process was completed, polypropylene fibers were added to the wet concrete, and the mixture was mixed for another 3 minutes to ensure that the fibers were evenly dispersed throughout the concrete for casting the PPFRCs. Then the fresh concrete was cast in steel molds for cubes, cylinders and prisms and was compacted on a vibration table, where a needle vibrator was used for casting the RC beams. All the specimens were demolded after 24 hours and were then immersed in water at a room temperature of 27º C for 28 days. The mix proportion of the control, steel, PP fiber-reinforced composites and RC beams are tabulated in Tab. 3. Fig. 4 displays the casting of the RC beams.
Basic constituents of materials
Ordinary 53 grade Portland cement (OPC) according to the Bureau of the Indian Standard Code was used in this study; it has a specific gravity of 3.15 and a bulk density of 1140 kg/m 3 (IS:12269:2013).
The cement was replaced by fly-ash at approximately 10% of its mass in order to attain the desired strength of M25 grade concrete and also to ease the dispersion of the fibers to the concrete. Coarse aggregates with maximum and minimum sizes of 20 mm and 10 mm with a 6.34 fineness modulus was used. Locally available river sand having a fineness modulus of 2.86 was used as the fine aggregate. Tap water mixed with super-plasticizers was used to mix the ingredients in order to increase the workability of the mixture. The steel and PP fiber-reinforced concrete composites were prepared using different fiber volume fractions with different percentage variations of 0%, 0.5% 0.75%, 1% and 1.25% and 0%, 0.1%, 0.2%, 0.3% and 0.4% of concrete, respectively in this present work; one optimum fiber dosage was chosen for casting each of the SFRC and PPFRC beams in order to evaluate the dynamic behaviours. The steel fibers used in this investigation were hooked-end, whilst the PP fibers were straight. The aspect ratio of the PP and steel fibers used in this study are 315 and 70, respectively. The steel and PP fibers were produced in a locally available market. The physical and mechanical properties of the steel and PP fibers are tabulated in Tab. 1. Figs. 1 and 2 show a typical view of the steel and PP fibers used in this study.
Fabrication of specimens
In this experimental investigation, a total of nine RC beams were fabricated and cast. Also, ten mixtures of steel and PP fiber-reinforced concrete composites were prepared using different fiber volume fractions of concrete in order to examine the mechanical properties of the SFRCs and PPFRCs.
All the RC beam specimens were initially designed to be 1800 mm long with a rectangular cross-section of 150 mm wide and 200 Vol. 27, 2019, No. 3, 44 -54 
Mechanical property tests
To examine the composite performance of the fiber-reinforced concrete such as the steel and PP fibers, three cubes and cylinders of a standard size (150 mm x 150 mm x 150 mm) and (150 mm diameter and 300 mm height) respectively, were cast for each mixture and tested in a Universal Testing Machine (UTM) with a capacity of 3000 kN to evaluate the compressive and split tensile strengths. All the specimens were loaded until complete failure under a load control at a loading rate of 1.30 kN/min after 28 days of its curing period in accordance with the Bureau of Indian Standard Code (IS:516-2004). A four-point bending flexural test was carried out in this investigation to evaluate the composite performance of the plain and fiber-reinforced concrete. A 500 mm x 100 mm x 100 mm beam was used in this study. The mid-span length of 133.33 mm is one-third of the simply supported clear span length of 400 mm, and the support span of the four-point bending test setup is 50 mm. All the specimens were tested with a dynamic universal testing machine with a capacity of (a) Steel moulds for casting the RC beam 
Static load test procedure of the RC beams
In this experimental investigation, all the beams were tested with the UTM of a 3000kN capacity to evaluate the ultimate flexural load and maximum bending moment of the control RC beams and fiber-reinforced beams (SFRC and PPFRC). An RC beam specimen was placed on a steel support with rollers on each end, and the load was applied through a four-point loading system. Three dial gauges were used to determine the central and overall deflection of the beam at each and every loading point. The schematic view of the static load test setup is shown in Fig. 6. 
Dynamic test procedure
A modal test was performed on both the damaged and undamaged beams using a transfer function technique in free-free constraints. A schematic view of the reinforced concrete beam in free-free constraints is shown in Fig. 7 .
It can be clearly seen from Fig. 8 , that the accelerometer was placed on the specimen at one particular node to collect the response while vibrating the structure. The modal analysis was carried out using a dynamic analyzer in this study. It consists of an input as well as an output device. The sensitivity of the impulse hammer and acceler-ometer used in this investigation are (±15%) 0.23 mV/N and (±5%) 1000 mV/g, respectively. As shown in the figure, there is a central unit that receives the signal from the input device and sends it to the computer for further analysis. All the data tested can be stored in the computer and can be retrieved in any form as per the requirements. The Frequency Response Function (FRF) obtained from the dynamic analyzer is fed into a smart office-NV solution to obtain the required output, where a single degree of freedom analysis is carried out in order to get the modal parameters. All the specimens were tested in a free-free condition by keeping the accelerometer at one constant node that was fixed, and the specimens were excited using an impact hammer at any point. The corresponding FRF was recorded at that point in order to evaluate the natural frequency for the damage assessment.
The aforementioned procedure was repeated for all the other 30 points without moving the accelerometer from the initial point; this method is referred to as the roving impact hammer method (Tirelli and Vadillo, 2013) . A channel analyzer was used to obtain the signals and the frequency response function (FRF) from the response and the excitation force through the hammer. Fig. 8 depicts the set-up of the modal testing. The modal parameters, such as the natural frequency, damping ratio and mode shape, were extracted through the modal analysis software. Also, the modal test was performed for all the beams at the end of each damage degree as D 0 (undamaged condition), D 1 (50% of the ultimate load), D 2 (70% of the ultimate load) and D 3 (90% of the ultimate load) to examine the dynamic behavior of the control RC, SFRC, and PPFRC beams. 
RESULTS AND DISCUSSION
The results acquired through the experimental tests are discussed in this chapter. The static results elucidate the behavior of the control RC, SFRC and PPFRC beams, while the dynamic results show the dynamic response behavior of the aforementioned beams in both damaged and undamaged states under free-free constraints.
Mechanical properties of the SFRC and PPFRC composites

Compressive strength
Tab. 4 summaries the experimental compressive strength results for the control, SFRC and PPFRC composites. Each magnitude of strength shown in the table is a mean of three specimens tested in the laboratory after the proper curing period. The M SF3 mixture, which is incorporated with a 1% total volume fraction of steel fiber, attained the highest compressive strength at the age of 28 days of 39.12 MPa, which was increased by about 12% when compared with the non-fibrous concrete. The results emphasize that the addition of fibers such as steel and PP in terms of the volume fraction of concrete resulted in an inherent increase in compressive strength when compared with the non-fibrous concrete (M 1 ). The test results also indicate that the compressive strength of the SFRCs and PPFRCs increased with an increase in the total fiber volume fraction. Amongst the different percentage variations of the mono steel and PP fibers considered in this experimental study, the highest compressive strength was achieved for the mixtures containing 1% of steel fiber and 0.3% of PP fiber, which was increased by about 12% and 8%, respectively. Also, these percentages are considered as optimum dosages for casting RC beams strengthened with fibers.
Splitting tensile strength test
The results obtained from the splitting tensile strength test for the control, SFRC and PPFRC are tabulated in Tab. 4. The tensile strength results of the control concrete was decreased about 25% and 19.5% when compared with the highest values attained for the M SF3 and M PP3 mixtures respectively, because ordinary concrete is known to be ductile in compression and brittle in tension. The results indicate that the addition of fibers exhibited a better performance than that of the non-fibrous concrete composites. The enhancement of the split tensile strength for the M25 grade of concrete with the addition of steel fibers ranged from 12.4% to 33.6% for the M SF1 and M SF3 mixtures, respectively. In the primary cracking stage of the concrete, there were numerous staple fibers (PP) bridging the micro-cracks and preventing the expansion of the PPFRCs. Whereas, when the tensile Fig. 9 Load vs. mid-span deflection of the control and fibereinforced concrete beams (a) Control RC beam at damage degree D 2 (b) PPFRC beam at damage degree D 3 Fig. 10 Failure patterns of RC, SFRC and PPFRC beams at different damage levels stress maintained ruined the specimens, the stress was transformed to the steel fibers in the case of the SFRCs, which have a greater Young's modulus and tensile strength.
Flexural strength
Four-point bending tests were accomplished on three specimens for each percentage variation of the concrete mixture to examine the flexural strength of the steel and PP fiber-reinforced composites. The results obtained for the different percentage variations of the SFRCs, PPFRCs, and control concrete are illustrated in Tab. 4. The load versus mid-span displacement was monitored during each test. It can be observed from the table that the flexural strength of the SFRC specimen was increased up to 42.6% for the M SF3 composites when compared to the control concrete. The test results distinctly indicate that the presence of high tensile strength steel fiber influences the flexural strength as well as the split tensile strength in different ways. PP fibers are short and have a lower tensile strength and elastic modulus, whereas steel fibers are long and have a higher tensile strength and 
Static analysis of RC, SFRC and PPFRC beams
Beams A 1 , C 1 and E 1 were control RC beams that were subjected to a monotonic bending test to examine the ultimate load and the flexural vibrations in an undamaged state that had also been carried out before the testing. All the RC, SFRC, and PPFRC beams were examined under a complete bending failure for the static analysis; the partially bending loading increased the damage from D 0 to D 3 . All the RC beam specimens were subjected to monotonic static loads at two points in the mid-span equal to 400 mm in order to get flexure-shear failure. From the static load test setup, it can be seen that the specimen was instrumented with three dial gauges at mid-point and at the loading points to evaluate the deflection of the beam while testing. All the beams were washed white, and girds were marked on two sides of a 50 mm x 50 mm beam for the purpose of locating the progression of any cracks. Fig. 9 shows the load versus the mid-span deflection behavior of the RC, SFRC and PPFRC beams. It can be seen from the graph that in the elastic region, the load applied was very low and that the deflection of the beam was also less, in accordance with the plane bending assumption theory.
There was an extrinsic decrease in the stiffness of the beam due to the formation of line-hair cracks in the tension zone; the load at this point was 40kN, 54kN, and 49kN for the beams A 1 , C 1 and E 1 , respectively. When the load increased, cracks propagated on the sides of the beam, which sustained a greater load at a constant stiffness; more cracks progressed towards the tension zone; and hairline cracks were formed in the compression zone under the load points. Cracks were initiated exclusively in the tension zone with the increase in the loading towards the neutral axis, and the cracks widened and propagated for the control RC beams. Furthermore, the cracked portion was effective in resisting the bending stress and bending moment; the load-carrying capacity coincided with the yielding of the steel. Eventually, the crack enlarged more in the tension zone than in the compression zone after the complete yielding of the reinforcement. Fig. 10 shows the failure patterns of the control RC, SFRC and PPFRC beams under the monotonic loading condition. Beams A 1 , C 1 and E 1 failed in flexure at the ultimate loads of 122.5kN, 145kN and 132.5kN with maximum deflections of 48 mm, 56 mm and 52 mm, respectively.
Flexural vibration analysis of the RC, SFRC and PPFRC beams
The A 2 , C 2 and E 2 beams were analyzed by dynamic tests to measure the dynamic characteristics at different states of the damaged as well as the undamaged conditions. Dynamic tests were conducted for all the beams through such non-destructive methods as the impact hammer technique at the end of each degree of damage as D 1 , D 2 and D 3 in free-free constraints. Dynamic parameters such as the natural frequency, damping ratio, FRF and mode shapes were obtained for all the specimens through experimental flexural vibration tests. Generally, the form of the FRFs used in the experimental technique is inertance, which returns a measure of the amplitude in terms of acceleration, starting from random excitations through the Fast Fourier Transform (FFT) method (Wang et al., 2016) . The experimental natural frequency and damping ratio values of the control RC beam (A 2 ) are illustrated in Tabs. 5 and 6, respectively. The aforementioned beam was analyzed by a dynamic test at the undamaged level (D 0 ), which was followed by static and dynamic tests at the end of each damage level from D 1 , D 2 and D 3 as 50%, 70% and 90% of the ultimate load, respectively, which was taken from beam A 1 . From the dynamic results obtained, the natural frequency decreased with increases in the damage, whereas the damping ratio increased with increases in the structural damage of the beam. Fig. 11 arbitrarily displays the mode shapes of the reinforced concrete beams. The envelope of the frequency response functions (FRFs) are shown in Fig. 12 for the control RC beam in an undamaged state, which was obtained by a dynamic test in the frequency range of 0-4000Hz. A similar dynamic response technique was used to analyze the SFRC and PPFRC beams (C 2 and E 2 ) at each damage level. The natural frequency and damping ratio values for the SFRC beam are tabulated in Tabs. 7 and 8, respectively. Moreover, the natural frequency and damping ratio values for the PPFRC beam are tabulated in Tabs. 9 and 10, respectively. The percentage decrease in the natural frequency at every damage level decreased for the fiber-reinforced concrete beams when compared with the control RC beams. It can be observed from the experimental results that the damping values increased with the increase in the degrees of damage. The percentage increase in the damping ratio at every damage level decreased for the fiber-reinforced concrete when compared with the control RC beams.
CONCLUSION
In this experimental investigation, the static and dynamic behavior of fiber-reinforced concrete was studied and compared with control RC beams. The following conclusions have been drawn from the experimental results:
1. The fiber-reinforced concrete mixtures resulted in enhanced behavior in terms of the overall performance of the static properties accompanied by compressive, splitting tensile and flexural strengths when compared with the control concrete.
2. The flexural strength increased with the addition of both the steel and PP fibers individually when compared to the control concrete; it also enhanced the post-cracking behavior of the concrete. The flexural strength of the steel fiber-reinforced concrete was increased by about 42.6% when compared with the non-fibrous concrete.
3. The gain in the splitting tensile strength was improved, depending upon the addition of the total volume fraction of mono fibers in the concrete. The increase in the concrete's splitting tensile strength at the age of 28 days for the total volume fraction of the 1% steel fiber was about 33.6%, which is greater than the PP fiber-reinforced concrete composites as well as the control concrete.
4.
In the static test of the SFRC and PPFRC beams, the addition of fibers that were incorporated either with steel or PP fibers led to an increase of about 18.36% and 8.1% for the C 1 and E 1 beams, respectively, when compared with the control RC beams.
5. From an undamaged state to the damage degree D 3 , the natural frequencies for both the control RC beam and fibrous-reinforced concrete beams decreased with the increase in the damage's intensity, whereas the damping ratio increased with an increase in the damage's intensity.
6. Finally, the vibration-based monitoring technique is one of the best methods used to assess damage of reinforced concrete beams and could also be correlated to the loading degrees. Changes from the uncracked to the cracked sections were recorded by decreasing the natural frequency values.
